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Abstract

It has been shown that dystrobrevin-binding protein 1 gene, that encodes the protein dysbindin-1, 

is associated with risk for cognitive deficits and studies have shown decreases in glutamate and 

correlated decreases in dysbindin-1 protein in the prefrontal cortex (PFC) and hippocampus of 

post-mortem tissue from schizophrenia patients. The PFC and the hippocampus have been shown 

to play a fundamental role in cognition, and studies in dysbindin-1 null mice have shown 

alterations in NMDAR located in pyramidal neurons as well as perturbation in LTP and cognitive 

deficits. The balance between excitatory and inhibitory transmission is crucial for normal 

cognitive functions, however, there is a dearth of information regarding the effects of loss of 

dysbindin-1 in GABAergic transmission.

Using in vitro whole cell clamp recordings, Western blots and immunohistochemistry, we report 

here that dysbindin-1 deficient mice exhibit a significant decrease in the frequency of sIPSCs and 

in the amplitude of mIPSCs and significant decreases in PV staining and protein level. These 

results suggest that loss of dysbindin-1 affects GABAergic transmission at pre- and post-synaptic 

level and decreases parvalbumin markers
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Introduction

The dystrobrevin-binding protein 1 gene encodes the protein dysbindin-1, a protein that has 

been found to play important roles in brain development (Cox et al, 2009; Jia et al, 2014; 

Mullin et al, 2015). Furthermore, it has been suggested that dysbindin-1 plays a role in 

cognitive deficits (Baek et al, 2012; Burdick et al, 2007; Varela-Gomez et al, 2015; Wolf et 

al, 2011; Zinkstok et al, 2007; Zhang et al, 2010), and recent studies have shown that genetic 

variations in dysbindin-1 expression correlate with the effects of antipsychotics (Scheggia et 

al., 2018).
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Interestingly, studies have shown decreases in glutamate and correlated decreases in 

dysbindin-1 protein in the prefrontal cortex (PFC) and hippocampus of post-mortem tissue 

from schizophrenia patients (Talbot et al., 2004; Tang et al., 2009; Weickert et al., 2004, 

2008), and decreases in glutamate release have been demonstrated in dysbindin-1 deficient 

mice (Chen et al., 2008; Jentsch et al., 2009). Furthermore, we have reported that 

dysbindin-1 deletions elicit alterations in NMDAR’s located in pyramidal neurons 

(Karlsgodt et al., 2011) and affects LTP (Glen et al., 2014). Dysbindin-1 has a widespread 

distribution in the brain, being expressed by many neuronal populations, including 

pyramidal neurons in the hippocampus and the dorsolateral PFC (Chiba et al., 2006). Within 

these areas, dysbindin-1 is expressed both pre-as well as postsynaptically. Studies have 

shown that the dystrophin glycoprotein complex (DGC; of which dysbindin-1 is part) is 

concentrated at the postsynaptic density (PSD;Talbot et al., 2004) and therefore it has been 

suggested that dysbindin-1 may be involved in regulating some PSD functions, including 

trafficking and tethering of receptors (including NMDA, nicotinic, and GABAA receptors) 

and signal transduction proteins (Camargo et al., 2007; Kumamoto et al., 2006).

The PFC and the hippocampus have been shown to play a fundamental role in cognition 

(Guo et al., 2019; Bast et al, 2017;Hiser and Koenigs, 2018), however normal cognitive 

function depends not only on glutamatergic transmission but in a balance between excitatory 

and inhibitory transmission. A considerable body of work indicates that dysfunction within 

cortical inhibitory circuitry contributes to cognitive deficits (for review see Lewis, DA, 

2014). Indeed, several laboratories have reported decreases in both the levels of the GABA 

synthesizing enzyme GAD-67 as well as decreases in the expression of the GABA 

transporter (GAT) in the PFC of schizophrenia patients (Akbarian and Huang, 2006; 

Gonzalez-Burgos et al., 2011; Lewis et al., 2012; Mirnics et al., 2000). Furthermore, several 

studies have also shown changes in GABAA receptor binding in the prefrontal cortex of 

schizophrenia patients (Hashimoto et al., 2008; Ishikawa et al., 2004).

GABA local circuit neurons are a heterogeneous population of cells that differ in their 

electrophysiological properties, axonal targets and expression of calcium binding proteins 

and neuropeptides (Makram et al., 2004). The majority of local circuit neurons can be 

grouped into three non-overlapping populations: cells that express the calcium binding 

protein parvalbumin (PV), cells that express the neuropeptide somatostatin (SS), and cells 

that express the calcium binding protein calretinin (CR) (Kawaguchi and Kubota 1997). Of 

these different populations, the PV class of local circuit neurons appears to be particularly 

affected in the PFC of schizophrenia patients (Dienel and Lewis 2018; Steullet et al., 2017; 

Toker, 2018). Albeit, recent reports suggest that also somatostatin interneurons could be 

affected (Alherz et al 2017). It has been reported that expression of PV, but not other calcium 

binding proteins, is reduced in the prefrontal cortex in schizophrenia (Lewis et al., 2005). 

Moreover, dual in situ hybridization studies indicated that the decrease in GAD-67 mRNA 

levels seen in the PFC of schizophrenia patients may be due to a selective reduction in PV+ 

local circuit neurons (Makram et al., 2004).

We (Jentsch et al., 2009) and others (Chen et al., 2008) have demonstrated that dysbindin-1 

plays a critical role in glutamate release and have proposed a mechanism underlying the role 
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of this protein in synaptic vesicle trafficking; however, there is a dearth of information 

regarding the role of dysbindin-1 in GABAergic transmission.

Using in vitro whole cell clamp recordings, Western blots and immunohistochemistry in the 

prelimbic and infralimbic PFC, we report here that dysbindin-1 deficient mice exhibit a 

significant decrease in the frequency of spontaneous and miniature inhibitory postsynaptic 

currents (sIPSCs and mIPSCs), significant decrease in the amplitude of mIPSCs and 

significant decreases in PV staining and protein level. These results suggest that loss of 

dysbindin-1 affects GABAergic transmission at pre- and post-synaptic level and decreases 

parvalbumin markers.

Methods:

Animals

We used mice that had been backcrossed to the C57Bl/6J background (Jackson Laboratories, 

Bar Harbor, Maine). All animals were genotyped as previously described (Jentsch et al., 

2009). Male mice were used in the electrophysiological and immunohistochemistry 

experiments described here; all subjects were 45-60 days of age at the time of study. All 

experimental protocols were approved by the Medical University of South Carolina 

Institutional Animal Care and Use Committee.

Electrophysiology

Brain slices (300 μm) were prepared from dysbindin-1 wild-type (dys +/+), HET (dys +/−) 

and MUT mice (dys −/−) mice. Subjects were anesthetized with isoflurane (Abbott 

Laboratories). The brain was removed, and coronal slices containing the infralimbic and 

prelimbic PFC were cut at 300 μm thickness in ice-cold high-sucrose solution containing (in 

mM): sucrose, 200; KCl, 1.9; Na2HPO4, 1.2; NaHCO3, 33; MgCl2, 6; CaCl2, 0.5; D-

Glucose, 10; ascorbic acid, 0.4. Slices were incubated at 33°C for at least 1 h before 

recordings; the incubation medium contained (in mM): NaCl, 125; KCl, 2.5; NaH2PO4,1.25; 

NaHCO3, 25; MgCl, 4, CaCl, 1, D-Glucose, 10; sucrose, 15; ascorbic acid, 0.4, aerated with 

5%CO2/95%O2. After incubation, slices were transferred to a submerged chamber and 

superfused with oxygenated artificial cerebrospinal fluid (aCSF) (in mM): 125 NaCl, 2.5 

KCl, 25 NaHCO3, 2.0 CaCl2, 1.3 MgCl2, 10 D-Glucose and 0.4 ascorbic acid at room 

temperature. Recordings were made using a Multiclamp 700B amplifier (Axon Instruments, 

CA), connected to a computer running Windows XP and Axograph X software. All 

recordings were obtained from pyramidal neurons or fast spiking interneurons FSI) in layers 

V or VI of the prelimbic or infralimbic cortex, identified using infrared-differential 

interference contrast optics and video-microscopy.

Voltage clamp: When recording in pyramidal neurons, CNQX (10 μM) and dl-APV (50 μM) 

was included in the perfusion solution to block glutamate receptors. For voltage-clamp 

recordings, electrodes (3-7 MΩ resistance in situ) were filled with a solution containing (in 

mM): 135 CsCl, 10 HEPES, 2 MgCl2, 1 EGTA, 4 NaCl, 2 Na-ATP, 0.3 tris-GTP, 1 QX-314, 

10 phosphocreatine; 285 mOsmols. Series resistances (10-20 MΩ), and input resistances 

were continually monitored throughout the experiment via a −1 mV (100 ms) 
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hyperpolarizing pulse. Pyramidal neurons were clamped at −80 mV. Miniature IPSCs 

(mIPSCs) were measured after adding 1 μM TTX to the buffer solution. For current clamp 

recordings, an internal solution based on k+ gluconate was used containing in mM (125 K+ 

gluconate, 10 HEPES, 20 KCl, 4 ATP-Mg2+, 0.3 GTP-Na+ and 14 phosphocreatine.

Immunohistochemistry

For immunohistochemistry, male wild-type (dys +/+), dysbindin-1 HET (dys +/−) and MUT 

mice (dys −/−) mice (PN 38-43) were anesthetized with isofluorane and perfused with 4% 

paraformaldehyde in 0.1 M phosphate buffer (PB). Brains were post fixed in 4% 

paraformaldehyde for 1 hour before being transferred to 30% sucrose in PB for > 48 hours. 

Following this cryoprotection, coronal sections (40-50 μm) were taken through the brain 

using a freezing sledge microtome. Sections were collected into PB and transferred to a 

cryoprotectant solution and stored at −20°C until use.

Different series of this tissue were processed for immunohistochemistry using primary 

antisera directed against parvalbumin (1:10000). Tissue was processed concurrently in order 

to Peroxidase (ABC) method utilizing Vector VIP as a chromagen.

The density of immunostaining within the medial PFC was compared using a Nikon Eclipse 

E-600 light microscope equipped with a video camera and coupled to Scion Image analysis 

software. For each section, a rectangle was drawn across the cortical layers, spanning from 

the pial surface to the underlying white matter. The average light transmittance was 

determined for the entire cortical thickness as well as for the superficial and deep halves of 

the cortical thickness. Transmittance in the underlying white matter was used as a 

measurement of background staining and was subtracted from the transmittance within the 

cortex to obtain a mean optical density of staining. Results were averaged from 3-4 sections 

for each animal and comparisons were made between average transmittance values between 

littermates.

Preparation of Synaptosomes

Infralimbic and prelimbic PFC (referred as PFC) tissue from three animals/genotype (unless 

otherwise indicated) was pooled together to make N=1 in each group. The tissue was 

homogenized with 10 strokes in a Potter homogenizer holding 5 ml of ice-cold isolation 

buffer containing 320 nM sucrose, 1 mM Na-EDTA, 10 mM Tris-HEPES (pH 7.4) and a 

protease inhibitor cocktail (Sigma, catalog # P8340). The homogenates were centrifuged at 

600 g for 10 min to obtain a pellet fraction (P1) enriched in cell debris, intact cells and 

nuclei. The post-nuclear fraction (S1) was collected and centrifuged for 15 min at 9,200 g. 

The pellet was collected and washed by resuspension in Krebs buffer containing 125 mM 

NaCl, 5 mM KCl, 0.1 mM MgCl2, 1 mM CaCl2, 10 mM D-Glucose and 10 mM HEPES-

NAOH, pH 7.4. After washing, the P2 pellet was resuspended in Krebs buffer, and protein 

concentration was determined by a Bradford assay (Bio Rad). The pellet was a crude 

synaptosomal fraction.

Isolated synaptosomes were lysed in 0.1 M phosphate buffer (pH 7.2) containing 0.1% 

sodium dodecyl sulfate, 1% IGEPal, 1% protease, and 1% phosphatase inhibitor cocktails 

(Sigma), and centrifuged at 14,000g for 10 min at 4°C. Aliquots of supernatant (40-50 μg of 
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protein) were separated on NuPAGE 4-12% Bis-Tris gels and 3-8% Tris-Acetate gels 

(Invitrogen Inc., Carlsbad, CA) and transferred onto nitrocellulose membranes, 

immunoblotted overnight at 4°C.Horseradish peroxidase-conjugated secondary antibodies at 

a concentration of 1:5,000 (Abcam) were applied, and detection performed using 

chemiluminescence (Pierce Biotechnology Inc., Rockford, IL). The immunoblotting 

experiments were performed four times and were quantitatively analyzed using software 

(Imaging Station, Carestream Health, Inc, Rochester, NY).

Statistics

Protein analysis: Groups were compared using analysis of variance plus Student-Newman-

Keuls post hoc test. Data shown are mean ± SEM. Numbers of animals were 4 per group. 

Significance was set as p<0.05.When only two groups were compared, Student-t-test were 

used (p<0.05). ANOVA tests with a p<0.05 were used to compare changes in 

electrophysiological responses and imunnohistochemistry labeling.

Results

Inhibitory Postsynaptic potentials

In order to investigate the effects of loss of dysbindin-1 in inhibitory responses occurring in 

the prefrontal cortex, we measured the amplitude, frequency and kinetic of sIPSCs and 

mIPSCs in pyramidal neurons as well as assessed excitatory inputs into FSPV+ 

interneurons.

sIPSCs

Dysbindin-1 −/− mice exhibit a statistically significant decrease in the sIPSCs interval inter 

event and it is genotype-related [Fig 1A : dys +/+: 11.0 ± 2.5 Hz (n=7): dys +/−: 5.5 ± 1.6 

Hz (n=6) and dys −/−: 3.7 ± 1.0 Hz (n=6), ANOVA F (2,17) = 3.87, p< 0.04].The amplitude 

of sIPSCs also shows a genotype-related trend towards decrease [Fig 1B: dys +/+: 53.1 ± 8.2 

pA (n=7) ; dys +/−: 44.9 ± 9.3 pA (n=6) ; dys −/−: 27.3 ± 4.2 pA (n=6), ANOVA F (2,17) = 

2.73, p< 0.09].

Analysis of the sIPSCs kinetics shows that there is a genotype-related trend for increase in 

the rise time of the sIPSCs: dys +/+ 1.6 ± 0.1 msec (n=7); dys +/−: 2.0 ± 0.1 msec (n=6) ; 

dys −/−: 2.3 ± 0.2 msec ANOVA F(2,16)=3.08, p<0.07(Fig 1D). The decay time did not 

show statistical differences between the genotypes (dys +/+: 5.6 ± 1.5 msec; dys +/−: 6.4 

± 0.9 msec; dys −/−: 6.8 ± 1.0 msec), neither the charge transfer (dys +/+: 271.0 ± 131.2 

pA/mV; dys−/+: 231.2 ± 56.6 pA/mV; dys−/−: 149.6 ± 25.1 pA/mV).

mIPSCs

Assessment of mIPSCs shows that the interval inter event is not affected by the mice 

genotype [dys+/+: 9.1 ± 3.1 Hz; dys+/−: 5.6 ± 1.4 Hz; dys−/− 5.7 ± 1.5 Hz], however, the 

amplitude of the mIPSCs shows a significant decrease [Fig 1 E: dys+/+: 46.6 ± 8.3 pA; dys 

+/− :60.9 ± 9.1 pA; dys −/−: 31.2 ± 5.0 pA, ANOVA F(2,18)=3.35 p< 0.05, and multiple 

comparisons how a significant difference between dys +/− and dys −/− (p< 0.04), Fig 1E] . 

When the kinetics of the mIPSCs were analyzed, no significant differences were found.
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In summary, dysbindin-1 deletions decrease the frequency of sIPSCs and increase their rise 

time. When mIPSCs were assessed significant decreases in amplitude were found, 

suggesting that deficiencies in dysbindin-1are affecting pre- and postsynaptic GABAergic 

spontaneous and quantal transmission, but not quantal release.

Excitatory Postsynaptic Potentials

We have previously described decreases in amplitude and frequency of mini excitatory 

postsynaptic potentials (mEPSCs) recorded in pyramidal neurons of dys −/+ and dys −/− 

mice (Jentsch et al., 2009). In order to assess the effects of dysbindin-1 deletions on 

glutamate inputs impinging specifically into putative PV+ interneurons, we recorded fast 

spiking interneurons (FS) and assessed s and mEPSCs in the three genotypes. We did not 

find any statistical difference in any of the measures assessed for either sEPSCs or mEPSCs 

(for results see table 1 and 2). So, a difference with the data reported for pyramidal neurons, 

dysbindin-1 deletions do not seem to affect glutamate inputs into the FS interneurons.

When intrinsic properties of FS interneurons were assessed, we did not find significant 

changes in excitability, input resistance, rehobase current or spike threshold (Fig. 2 and 

Table 3). These results suggest that loss of dysbindin-1 doesn’t affect basic properties of FS 

interneurons.

Immunohistochemistry

There is consistent evidence of changes in the circuitry of the prefrontal cortex in 

schizophrenia. Significant changes in GABAergic elements have been observed, for 

example, a selective decrease in the expression of parvalbumin, a calcium binding protein 

characteristic of fast-spiking interneurons, has been observed in the PFC of schizophrenia 

patients (Lewis et al., 2005).

We found that the expression of parvalbumin shows a trend for decreased in both the 

dysbindin-1 +/− and −/− mice as compared to the dys +/+ littermates when measured 

directly in deep layers of the PFC as mean optical density [dys +/+: 14.3 ± 3.0; dys −/+ 10 

± 4.0; dys −/− 11.5 ± 2.5, layers V-VI, ANOVA F (1,6)= 4.0, p< 0.06, Fig 3A], or when 

measured in the full cortex [dys +/+: 12.3 ± 3.0; dys −/+ 8.3 ± 2.0; dys −/− 9.0 ± 2.0, 

ANOVA F(1,6)= 3.3 p< 0.05, Fig 3A], but not when only superficial layers of the PFC were 

examined (Fig. 3A).

Western blots measuring protein levels of parvalbumin were also preformed, and it was 

found that indeed, dys −/− mice have significant lower levels of parvalbumin [ANOVA F 

(1,6)= 181.1, p<0.010, Fig. 3B].

In summary our immunohistochemistry and Western blot studies show that, similarly to 

what have been reported in post mortem tissue of schizophrenia patients, dysbindin-1 

deficient mice exhibit deceases in the levels of parvalbumin.
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Discussion

Dysbindin-1 is expressed fairly ubiquitously throughout the brain where it is found in both 

pre- and postsynaptic neuronal elements (Camargo et al., 2007; Kumamoto et al., 2006, 

Talbot et al., 2004) including glutamatergic, GABAergic and dopaminergic terminals. The 

role of dysbindin-1 in glutamate neurotransmission in the PFC has been explored by us 

(Jentsch et al., 2009) and others (Chen et al., 2008) and it has been shown that dysbindin-1 

deficient mice show decreases in glutamate release, deficits in synaptic vesicle priming 

(Saggu et al., 2013), decreases in probability of release (Chen et al 2008; Saggu et al., 2013) 

and deficits in working memory (Carr et al., 2013 ; Papaleo et al., 2014; Scheggia et al., 

2018). However, the effects of dysbindin-1 deletions in GABAergic transmission in the PFC 

have been less studied.

Here we report that dysbindin-1 deletions elicit a significant decrease in the frequency of 

sIPSCs, a trend for decrease in the amplitude of sIPSCs, significant decreases in the 

amplitude (but not frequency) of mIPSCs as well as decreases in the protein levels of 

parvalbumin. Similar findings have been reported previously in the PFC (Yuang et al., 2016) 

and the hippocampus (Larimore et al., 2017), and opposite results were found in the 

amygdala (Huang et al., 2019). Changes in frequency of IPSCs generally are taken to 

indicate a change in release probability, whereas changes in amplitude suggest an alteration 

in postsynaptic receptor sensitivity or conductance. Dysbindin-1 deletions have been 

associated with deficits in the synaptic vesicle dynamics of glutamate (Chen et al., 2008; 

Dickman and Davis, 2009; Dickman et al., 2012; Gokhale et al., 2015, 2016; Mullin et al., 

2015; Saggu et al., 2013), and our results suggest that loss of dysbindin-1 is also affecting 

the synaptic vesicle dynamics in GABAergic neurons. This suggestion is supported by the 

data showing that whereas frequency of sIPSCs (mediated by action potentials) is decreased 

in dysbindin-1 mice, frequency of mIPSCs that are mediated by random fusion of 

presynaptic vesicles is not affected in dys −/−mice.

We also found significant decreases in the amplitude of mIPSCs in dys −/−. These results 

suggest that dysbindin-1 deletions may elicit alterations in postsynaptic GABAA receptors. 

Furthermore, we found an increase in the rise time of the sIPSCs in dysbindin-1 deficient 

mice and changes in the time-to-rise of sIPSCs suggest an alteration in the current flowing 

through postsynaptic neurotransmitter receptors and, therefore, are indicative of a 

postsynaptic change. Thus, taking together the data from the frequency, amplitude and 

kinetics of s and mIPSCs, our results suggest that GABA transmission is severely 

compromised in the PFC of dysbindin-1 deficient animals.

Correct GABA signaling is extremely important for the functioning of the cortical networks. 

Previous experiments by our group (Seamans et al., 2003) and others (Gonzales-Burgos and 

Lewis, 2008) have demonstrated that GABAergic interneurons play a critical role in 

maintaining cortical network activity, and Rao and colleagues (2000) have shown that 

activity of GABA neurons in the PFC is essential for normal working memory. Moreover, 

parvalbumin positive (PV+) GABA interneurons are essential for the generation of gamma 

oscillations (Ferando and Mody, 2015; Huang et al., 2016; Lasztóczi and Klausberger 2014; 

Lozano-Soldevilla et al., 2014) . Gamma oscillations underlie working memory and enhance 
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information processing (Womelsdorf et al., 2007). Studies in post mortem tissue of 

schizophrenia patients have shown alteration in GABA markers (Woo et al., 1998; Lewis et 

al., 2005) and in vivo studies have shown that schizophrenia patients exhibit deficits in 

gamma oscillations when performing working memory tasks (Lee et al., 2003; Spencer et 

al., 2003; Whittington and Traub 2003), thus, it follows, that deficits in GABA transmission 

will compromise the generation of gamma oscillations and thus performance in working 

memory tasks, and indeed, dysbindin-1 knockout mice show deficits in this cognitive 

domain (Karlsgodt et al., 2011; Papaleo et al., 2012,2014; Scheggia et al., 2018).

In a previous study, Ji and colleagues (2009) showed that dys−/− mice exhibit a decrease in 

inhibitory inputs to pyramidal neurons in layer V of PFC. In their results Ji et al report 

decreases in intrinsic excitability of putative FSPV+ interneurons as well as significant 

decreases in frequency and amplitude of sIPSCs. In our experiments we replicated the 

changes in frequency and amplitude of sIPSC in dys −/− mice, however, we didn’t find 

decreases in the frequency or amplitude of excitatory activity impinging into FSPV+ 

interneurons. One possible explanation is that Ji and colleagues performed their recordings 

in neuronal cultures, and our experiments are preformed in brain slices. Obviously, in 

neuronal cultures, the normal connectivity that is vital for synaptic transmission is altered.

The immunohistochemical and Western blot experiments show that the levels of the calcium 

binding protein parvalbumin are decreased in the PFC of dysbindin-1 deficient mice, 

however a difference with the electrophysiological data, we did not find genotype-related 

decreases. Both dys −/+ and dys −/− expressed similar levels of reduction. A possible 

explanation for these differences may reside in the big variability show in the measures of 

optical density. Furthermore, the methods used for quantifying PV may not be able to detect 

subtle differences.

Reports using post-mortem tissue from schizophrenia patients have shown that the 

expression of PV but not other calcium binding proteins was reduced in the prefrontal cortex 

(Hashimoto et al., 2008). PV is a calcium-binding protein marker for a class of fast-spiking 

GABAergic neurons. It is debated whether reduced PV in postmortem studies is caused by a 

reduction in cell number or merely loss of protein expression. In either case, reduced PV 

immunoreactivity suggests disruption of an important source of local circuit inhibition 

(Lewis et al., 2005; Zhang and Reynolds,2002)

An important factor when discussing the role of dysbindin-1 in GABAergic transmission is 

the regional differences in the penetrance of the deletion. Larimore and colleagues (2017) 

have shown that the most penetrant GABAergic molecular phenotypes occur in the 

hippocampus when compared with the PFC and Huang and colleagues (2019) showed that 

in the amygdala, opposite to what has been reported in the hippocampus and to our present 

result, deletions of dysbindin-1 enhanced GABAergic transmission. Thus, it is possible that 

deletion of dysbindin-1 elicits different results depending on the brain region and/or the 

penetrance of the deletion.

Numerous reports have shown that, in the PFC, dysbindin-1 mutant mice show decreases in 

glutamate release (Chen et al., 2008;Jentsch et al., 2009; Papaleo and Weinberger, 2011; 
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Saggu et al.., 2013; Wirth et al., 2012), decreases in expression of DAD2R and decreases in 

GABAergic transmission (Ji et al., 2009; Yuang et al., 2016; present results). All these 

neurotransmitter systems have been implicated in the patophysiology of schizophrenia 

(Carlsson et al., 2001;Coyle 2017; Grace 2016; Lewis and Moghaddam, 2006; Winterer and 

Weinberger, 2004; Papaleo et al., 2012). So, how mutations in dysbindin-1could be 

regulating these three different neurotransmitter systems? A plausible explanation could be 

the role of dysbindin-1 in the BLOC-1 complex. Dysbindin-1 is part of the Biogenesis of 

Lysosome-related Organelle Complex 1 (BLOC-1 complex) (Starcevic and Dell'Angelica, 

2004) which is compromised by 8 proteins (dysbindin, snapin, muted, pallidin, cappuccino 

and BLOS 1–3). This complex has been related to multiple cellular functions including 

synaptic vesicle dynamics, stabilization of the t-SNARE complex (Larimore et al., 2011; 

Mullin et al., 2011, Newell-Litwa et al., 2009, 2010) and intracellular protein trafficking 

involving lysosomes and related organelles (Ghiani and Dell’Angelica, 2011) and several 

authors (Ghiani et al., 2010; Starcevic and Dell'Angelica, 2004) have demonstrated that loss 

of dysbindin-1 is accompanied by loss of all the BLOC-1 members. Thus, deletion of 

dysbindin-1 could affect synaptic vesicle dynamics, including their tethering to the 

presynaptic terminals and therefore the release of classical neurotransmitters. Furthermore, it 

has been shown that membrane proteins that traffic from endosomes to lysosomes, as the 

DAD2 R does, are particularly affected by the loss of dysbindin-1 (Ghiani and 

Dell’Angelica, 2011), thus resulting in reduced expression of D2R in the mutant mice. So, 

deletions of dysbindin-1 could potentially affect GABA and glutamate release and decrease 

expression of D2R. Thus, dysbindin-1 reductions may represent a direct link to the 

disruption of these three signaling systems.

Conclusions:

Our experiments suggest that deficits in dysbindin-1 elicit decreases in presynaptic 

GABAergic transmission, perhaps due to the role of dysbindin-1 in synaptic vesicle 

dynamics (Saggu et al., 2013) and affect GABAergic receptors perhaps due to the 

postsynaptic role of dysbindin-1 in the tethering of receptors. The disruption in excitatory/

inhibitory balance produced by deletions in dysbindin-1 may underlie the deficits in gamma 

oscillations described in schizophrenia patients (Lee et al., 2003; Spencer et al., 2003; 

Whittington and Traub 2003) and thus contribute to the cognitive deficits show by the 

dysbindin-1 mutant mice.
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Fig 1. 
Synaptic effects of loss of dysbindin-1. A) Loss of dysbindin-1 elicits a significant 

genotype-related decrease in interval inter events of sIPSCs recorded in pyramidal neurons 

located in deep layers of the PFC [ANOVA F(2,14)=3.8, p< 0.04 and pair wise comparisons 

show a significant difference between dys+/− and dys−/− (p< 0.4)]. B) The amplitude of 

sIPSCs shows a genotype-related trend for decreases C) Representative traces of sIPSCs for 

dys+/+, dys+/− and dys−/− mice. D) Rise of sIPSCs shows a genotype-related trend for 

increase, E) Analysis of mIPSCs shows a significant genotype-related decrease in the 

amplitude [ANOVA F(2,18)=3.35, p< 0.05] and pair wise comparison show that dys −/− 

mice have a significant decrease compared with dys+/− mice (p<0.04). F) Representative 

traces of mIPSCs. Note the difference in scales.
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Fig 2. 
Loss of dysbindin-1 does not affect basic properties of fast spiking interneurons, A) 

Representative traces of excitability recorded in fast spiking interneurons of dys +/+, dys +/− 

and dys −/− mice. B) I/V curve showing that loss of dysbindin-1 protein does not affect the 

input resistance of fast spiking interneurons.
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Fig 3. 
Expression of parvalbumin in dys +/+, dys +/− and dys −/− mice. A) Measures of mean 

optical density show that parvalbumin levels are significantly decrease in dys +/− and dys −/

− mice when the full PFC was assessed [ANOVA F(1,6)=3.3 p< 0.05] , however, when the 

PFC was subdivided in superficial layers (I-IV) and deep layers (V-VI) , superficial layers do 

not show significant differences, but deep layers show a trend for significance [ANOVA 

F(1,6)= 4.0p< 0.06]. B) Western blots show that parvalbumin is significantly decreased in 

tissue from dys−/− mice [ANOVA F (1,6)= 181.1, p<0.010].
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Table 1.

Assessment of sEPSCs in FSPV+ interneurons (X ± SE).

Dys +/+ (n=6) Dys +/− (n=5) Dys −/− (n=10)

Interval inter event (Hz) 4.7 ± 2.2 10.4 ± 4.8 9.2 ± 3.6

Amplitude (pA) 20.9 ± 3.1 25.5 ± 5.0 29.6 ± 5.5

Rise (msec) 2.3 ± 0.6 1.2 ± 0.4 1.5 ± 0.3

Decay (msec) 2.2 ± 0.6 1.1 ± 0.4 2.1 ± 0.5

AUC (pA/mV) 47.5 ± 12.5 25.7 ± 5.4 45.4 ± 9.8

CV 0.55 ± 0.09 0.48 ±0.1 0.58 ± 0.06

0.58
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Table 2.

Assessment of mEPSCS in FSPV+ interneurons (X±SE).

Dys +/+ (n= 6) Dys +/− (n=5) Dys −/− (n=10)

Interval inter event (Hz) 4.1 ± 1.7 6.9 ± 3.1 10.3 ± 2.7

Amplitude (pA) 19.1 ± 3.5 25.5 ± 4.2 26.0 ± 3.5

Rise (msec) 2.6 ± 0.7 1.3 ± 0.3 1.2 ± 0.3

Decay (msec) 2.6 ± 2.0 1.6 ± 0.4 1.5 ± 0.5

AUC (pAms) 73.1 ± 41.0 37.5 ± 8.0 26.6 ± 4.9
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Table 3.

Intrinsic properties of FSPV+ interneurons (X ± SE).

Dys +/+ (n=3) Dys +/− (n=3) Dys −/− (n=9)

Input Resistance (MOhms) 234.4 ± 31.7 249.3 ± 64.0 241.3 ± 25.2

Rheobase Current (pA) 185.0 ± 37.0 160.0 ± 70.5 203.3 ± 42.2

Spike Threshold (mV) 43.9 ± 4.7 43.3 ± 3.8 40.8 ± 1.2
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